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Background: Radon exposure is the second cause of lung cancer after exposure to tobacco smoke and the first
cause in nonsmokers. The purpose of this study was to assess perceived risk of exposure to indoor residential radon
among health care providers in urban and rural health centers affiliated to Tehran University of Medical Sciences.
Method: In 2012–2013, a survey was carried out on 462 health care providers to assess their awareness and risk
perception about exposure to indoor residential radon. Only subjects who had previously heard about radon were
asked to answer knowledge-based and risk perception questions and report source of knowledge, willingness to
test and willingness to pay for radon test kits.
Results: About 67% of responders had heard about radon before this study and of these, 83.5 % recognized it as
being hazardous and 34.5 % identified lung cancer as the main health outcome of exposure to radon. Overall, 33%
of 310 subjects had knowledgeable awareness. Seventy percent of responders who had previously heard about
radon, had high perceived risk and they were more willing to test their houses and more willing to pay for radon
test kits.
Conclusion: Having knowledge about radon and perceiving it as a risk had a significant association with willing to
take relevant health related behaviors. Furthermore, risk perception contributes to willing to spend more money
when health is a concern. Education of health care providers seems to be a pre-requisite to public campaigns on
radon awareness and testing.
Keywords: Radon, Perceived risk, Risk, Willingness to test, Willingness to payIntroduction
Exposure to radon is the second cause of lung cancer –
just after tobacco smoke- with 3-14% increased risk and
the first cause in nonsmokers [1-6]. Radon is a radio-
active gas with a half-life of about 3.8 days which arises
from soil and rocks and accumulates in mines and
houses [4]. It has been shown that exposure to radon
has a linear relationship with development of lung can-
cer [4,7]. Among risk factors ranked according to their
attributable burden of diseases, exposure to residential* Correspondence: mkarbakhsh@tums.ac.ir
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unless otherwise stated.radon comes before diet low in milk, occupational asth-
magens and diet high in red meat [8].
In Iran, exposure to residential radon ranks as the
16th risk factor leading to years of life lost (YLLs), and
20th in Disability Adjusted Life Years (DALY). This is
while globally, the rank of radon regarding attributable
YLLs and DALYs is the 25th [9].
Study of radon awareness and perception has been a
public and environmental health issue for at least two
decades [10-17]. This category of studies is important as
people generally decide to take action against a health
hazard according to their understandings of harms and
benefits [18]. By definition, risk perception is a subject-
ive assessment about occurrence of an unfavorable event
and concerns about the subsequent outcomes [19].
Perceived risk is considered to have three components:td. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
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likelihood), extent of consequent damage (perceived se-
verity) and individual vulnerability (perceived suscepti-
bility) [20]. On the other hand, from the perspective of
Health Belief Model [21] six factors are involved in risk
perception i.e. understanding the existing threats of a
condition and promoting individuals to adopt healthy
behaviors (model components). These components are
“perceived susceptibility”, “perceived severity”, “perceived
benefits” (understanding positive outcomes of taking
health behavior), “perceived barriers” (as realizing obsta-
cles to health behavior performance), “cues to action”
(as reminders of taking health behavior such as TV,
other media or an influential informed person) and “self
efficacy” (as personal confidence of ability to take posi-
tive behaviors or leave the negative ones). Most investi-
gations on a radon awareness and perception have been
conducted in developed countries. These studies show
that public knowledge and awareness of radon is ap-
proximately high in those settings; although, perception
and concern about radon health risks has not been as
much satisfactory [10-12,22]. In a study from the US,
about two third of the general public identified radon’s
nature and three quarters of aware individuals recog-
nized it as a health threat [23]. But results of another
study there showed that perception of people of radon
health hazards was not more than 55% [10]. In contrast,
such surveys are scant in developing countries and in
the limited published results, researchers have been
satisfied with assessment of knowledge and awareness
rather than going through perceived risk assessment due
to relative unfamiliarity of the public with radon as a
health risk [13,14].
Moreover, several developed countries have national
plans for monitoring the level of indoor radon and sub-
sequent radon-lowering educations/interventions. For
instance, in Finland and Sweden, radon measurement is
recommended in months when heating appliances are
used more commonly within households. In comparison,
in Ireland and Britain, assessment of indoor radon is
performed in three months of the year and then the re-
sults are adjusted according to the season. As another
example, in Italy, yearlong radon measurement is imple-
mented to avoid distortion of results by seasonal varia-
tions. In some countries, e.g. the US, measurement of
radon is considered as a part of houses’ selling and buy-
ing process [4]. It seems that knowledge of Iranians re-
garding radon as a health risk is scant. In fact, no
previous regional or national radon surveys have ever
been conducted in Iran to assess the awareness or per-
ceived risk. The limited published reports regarding
some local radon assessments in Iran were done with
various methods of measurement by engineers and geol-
ogists with no implications or associations with healthrisks or outcomes [24-28]. According to these investiga-
tions, about 5-6 percent of houses had elevated levels of
radon in some areas, e.g. in north-eastern parts of Iran,
if the sample had been representative [27]. We believe
that measurement of knowledge and perceived risk of
exposure to indoor radon would be the first step of situ-
ational analysis in this field. In the first place, we decided
to assess public perceived risk of radon. Nevertheless,
our first pilot study -that will be discussed further in
methods- revealed that public familiarity with radon was
too scarce to let us explore their perceived risk. Thus,
health care providers in urban and rural health centers
affiliated to Tehran University of Medical Sciences were
selected for this purpose. We were also interested to
examine if this perceived risk was related to their will-
ingness to test and willingness to pay for radon test.
Methods
A cross sectional study was conducted from July 2012 to
February 2013 in Tehran, the capital city of Iran. Partici-
pants were all health care providers of entire 54 health
care centers providing primary health care (PHC) to the
public in the region. These urban and rural health cen-
ters are the heath centers of two main health networks
in Tehran: “South of Tehran health network” and “Rey
health network” (Name of “Rey” or “Ray” comes from
the oldest existing city in the province of Tehran). As we
found no standard questionnaire to assess radon risk per-
ception in the literature, we developed a self-administered
questionnaire based on six components of Health Belief
Model to assess perceived risk of radon among partici-
pants. This questionnaire consisted of 10 questions in
5-item Likert scale (from completely agree to com-
pletely disagree) which would measure “perceived sus-
ceptibility”, “perceived severity”, “perceived benefits”,
“perceived barriers”, and “self efficacy”. Additionally,
three dichotomous questions were designed for assess-
ment of “cues to action” that assessed the source of ac-
quiring the information about radon (media, posters,
experts,…). The questionnaire continued with add-
itional questions on willingness to test and willingness
to pay for radon test, demographics (age, sex, educa-
tion) and housing information (house age and duration
of residence). We also asked them to rank their con-
cerns about seven health risks: earthquake, radon, and
air pollution, exposure to microwave oven, food poison-
ing, solar radiation and exposure to tobacco smoke. To
ensure content validity, the questionnaire was exam-
ined by six experts in fields of questionnaire design, en-
vironmental health, community health and health
education and then necessary modifications were made.
The questionnaire was started with the question: “have
you ever heard about radon?”. Only participants who
answered “yes” to this question were asked to complete
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also included some “knowledge-based questions” about
radon e.g. on the nature of radon, being hazardous or
not and potential health conditions resulting from
radon exposure. "Knowledgeable awareness" was de-
fined as answering correctly to these three questions
[13].
Afterwards, two types of available radon test kits
(detectors) were explained briefly in the questionnaire
(kits for short-term measurement which are kept for
about 2 days in place and long-term kits which meas-
ure radon level over a season, or even one year). Re-
sponders were asked to respond which one they would
choose, if they were going to measure radon level in
their houses. In addition, they were asked about the
maximum amount of money they were willing to pay
for indoor residential radon assessment. This can be
an important and practical question in our country
Iran due to the high percentage of health costs that
people have to pay out of the pocket (about 58% in
2001) [29]. In order to assess the maximum amount of
money that each person was willing to pay for an in-
door radon test, we provided them with four options:
up to 500,000(40 US$), 500,000-1000,000(40-80US$),
1000,000-1,500,000 (80–120 US$), 1,500,000 Iranian
Rials (120 US$) or more. There was also an option
(the fifth) that the responders could choose, if they
were willing to test only if it were free. Then, the
upper limit of each selected option mentioned above
was used as the highest amount of money each subject
was willing to pay for indoor residential radon test. In
finalizing the questionnaire, the question on “per-
ceived barriers of control” was omitted from the scale
as it was found to be confusing with its negative stem
and it was not possible to replace it with a positive
one without making it more confusing.
Then, in a pilot study, the questionnaire was offered to
50 adults. These people were among general population
of Tehran who had come for a visit by health care pro-
viders in urban primary health centers. The aims of this
pilot study were threefold: firstly, to see if the general
public were generally familiar with the issue of radon, so
that they could be our potential responders in the main
phase of data collection by answering to perceived risk
questions. Secondly, to see if the questions were clear
enough to be understood by general public and finally,
to assess the internal consistency of questions. Among
these 50 people, 41 didn't accept to fill out the question-
naire, because of unfamiliarity with radon and lack of
interest in the subject. Among remaining, only 3 had
heard about radon. At this stage, we were convinced to
go one step backwards and choose health care providers
of urban and rural health network as our study popula-
tion, instead. As this latter group were educated inhealth related fields, we expected that we would have
more people with primary knowledge about radon and
thus eligible to answer questions on perceive risk. More-
over, health care providers in urban and rural health
centers are the first line of preventive health care and
education and potentially can become our promoters of
radon risk reduction in the community, in the future
[30]. Thus, the second pilot study was performed on
health care providers in two urban health centers. This
time, most of our responders had heard about radon (15
out of 18) and could follow the questionnaire to answer
perceived risk questions, as well. We came back 7 days
later to conduct retest among our responders. Pearson
correlation coefficient of pre- and post- test responses to
the main question of the study was 0.76 (P = 0.007). Ac-
cording to post-test results, one of the questions on
“perceived susceptibility” was omitted from the scale as
deletion was found to improve the Cronbach's alpha
from 0.61 to 0.71. Finally we had 8 questions to measure
perception of radon risk. Median of scores on perceived
risk questions was used in order to calculate “overall
median perceived risk” score and the “total score” in
SPSS version 16. The associations with demographic
characteristics, willingness to test and willingness to pay
were assessed using Chi square, Mann–Whitney U and
Kruskal–Wallis tests. P value less than 0.05 was consid-
ered to be statistically significant. This research was car-
ried out in compliance with the Helsinki Declaration
and approved by ethics committee, Deputy of research,
Tehran University of Medical Sciences.
Results
In this study, of 494 individuals eligible to participate,
462 accepted to fill-in the questionnaire (response rate:
93.5%). Demographic and house characteristics of study
subjects are demonstrated in Table 1.
About 67% (310 persons) had heard about radon be-
fore this study and of these, 88.5% could correctly de-
note it as a radioactive gas. In addition, 83.5 % of
participants recognized it as being hazardous and 34.5 %
identified lung cancer as the main health outcome of ex-
posure to radon. Overall, 33% of 310 subjects had
“knowledgeable awareness”.
Among seven environmental hazards suggested to
rank, the main concern of our study subjects was air
pollution (91.5%) followed by earthquake and exposure
to tobacco smoke. This is while they ranked the risk of
exposure to indoor radon as being of the least import-
ance (38%), even after concern about food poisoning
(46.8%) (Table 2). When we selected the subjects who
had previously heard about radon, these ranks were the
same, except that radon was before the last option (food
poisoning) with only 3% difference (48.6 versus 45.6%)
(Table 3). For individuals who were knowledgeably
Table 1 Demographic and house characteristics of study subjects
Heard about Radon Not heard about Radon P value
Mean age (SD) Years 34.47(8.31) 36(8.79) 0.089
Mean years of work (SD) Years 9.24(7.87) 11.37(8.72) 0.028
Mean house age (SD) Years 14.23(11.95) 13.05(11.98) 0.225
Mean duration of residence (SD) Years 6.87(8.17) 5.86(7.51) 0.331
Gender (%) Male 15.5 11.3 0.216
Female 84.5 88.7
total 100 100
Education (%) High school certificate 2.6 10 <0.001
Associate degree 10.1 22.7
Bachelor’s degree 55.8 53.3
Masters degree 2.6 0.7
Doctoral Degree 28.9 13.3
total 100 100
House status (%) private 70 65 0.294
Non private 30 35
total 100 100
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pared with 40% for food poisoning; nevertheless, this dif-
ference was not statistically significant (P value: 0.268).
Of responders to questions on perceived risk (n = 310),
67.2% considered that it is likely to be exposed to resi-
dential radon in Iran, 62.6% believed it is likely that they
are exposed to radon in their houses, 54.7% said yes to
the question that “It is possible that I develop radon-
induced health conditions” and 59% considered the out-
come to be serious. Only 9% believed that they could
remain healthy, if exposed to radon. About 74% said that
radon-induced health-related outcomes can be pre-
vented through radon reducing measures in houses and
50.4% expected that they can reduce radon in their
houses with simple and practical actions, if necessary
(Table 4). In a spectrum from 1 (meaning no perceived
risk) to 5 (high), overall median perceived risk was more
than 3 in 70.2% of responders.
Among all responders, 14.1% had their bachelor de-
grees in occupational and environmental health (9.5%
missing). About 93.8% of this subgroup had previously
heard about radon. Of these, 40% were knowledgably
aware in contrast with 30% in other personnel. In
addition, 80% of them had high radon perceived risk.Table 2 Concerns of all subjects about seven suggested heath
Earthquake Radon Air pollution Food poiso
Concerned (%) 75 38 91.5 46.7
Not concerned (%) 21.5 16 6.5 44.7
No opinion (%) 3.5 46 2 8.6
Number (n) 462 431 459 454Familiarity with the name of radon was significantly
higher among these health providers in comparison to
others (P value <0.001) but perception of radon risk was
not significantly different (Chi Square P value: 0.065).
We asked participants how they had acquired informa-
tion about health implications of radon. According to
their self-report, in 4.2%, the source of information
about health outcomes of radon had been radio/TV, in
8.2% posters, and in 18.4% hearing from an expert
(74.4% had benefited from none of the above sources).
Long-term radon kits were the most prevalent choice for
testing indoor residential radon as 73.5% of subjects who
had heard about radon preferred to use it.
Education had a statistically significant relationship
with hearing about radon, including all responders in
the analysis (P value <0.001). In addition, among sub-
jects who had heard about radon, education was associ-
ated with knowledgeable awareness (P value = 0.049):
individuals with high school certificate had the lowest
level of knowledgeable awareness.
Among responders who had heard about radon, 290
individuals (97%) mentioned that they would accept that
indoor radon be measured in their houses. Forty nine
percent of them stated that they were willing to testrisks(n = 462)





Table 3 Concerns of subjects about seven suggested health risks in responders who had heard of radon, n = 310
Earthquake Radon Air pollution Food poisoning Solar radiation Microwave exposure to tobacco smoke
Concerned (%) 76.1 48.6 93.8 45.7 58.6 44 76
Not concerned(%) 19.4 19.5 4.3 45.7 33.9 38.5 21.4
No opinion(%) 4.5 31.9 1.9 8.6 7.5 17.5 2.6
Number (n) 310 298 308 304 307 302 308
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charge. In addition, 30% were willing to pay up to
500,000 Rials (40$), and the remaining (21%) were will-
ing to pay even more, if necessary. People with higher
perceived risk about radon were significantly more
willing to test (P value: 0.022) and more willing to pay
for kits (P value: 0.016). In addition, this subgroup
seemed ready to pay more money for indoor residential
radon test, if necessary (P value: 0.02). Furthermore,
women and respondents with knowledgeable awareness
were more likely to pay for radon test kits (P value: 0.024
& P value: 0.029, respectively). Subjects who had private
houses, had lower level of knowledgeable awareness than
those live in rented ones: knowledgeable awareness was
29% in people with private houses in contrast to 43.8% in
those living in rented ones (P value:0.013). Age showed no
relationship with perceived risk (P value: 0.054) and will-
ingness to pay (P value: 0.986).
Nine responders stated that even if the radon test kits
were available free of charge, they wouldn’t use it. Their
reasons for non-use were concerns about potential
harms of kits, invasion of privacy, not feeling any needs
to use it and inability to reduce indoor radon level.
Seven out of nine were women and five had bachelor's
degree. Six had low perceived risk (overall median per-
ceived risk was 3 or less).
Discussion
This study was the first to assess indoor residential
radon risk perception in Iran. The majority of publishedTable 4 Perceived risk dimensions’ relative frequencies
Completely
disagree (%
It is likely to be exposed to residential radon in Iran 2
It is possible that I’m exposed to radon in my house 4.3
It is possible that I develop radon-induced health conditions 3.3
Residential radon exposure can cause serious diseases in me 3.6
I am worried about radon to cause serious illness in me 4.5
It is possible to prevent radon-induced diseases by reducing
its level in houses
2.3
I will remain healthy if I’m exposed to radon due to my good
general health status and physical resilience
47
I can reduce radon in my house with relatively simple and
practical actions if necessary
7papers in this field focus on measuring knowledge and
awareness of general public in developed countries
[10-12,15,31]. In contrast, our study sample included
health care providers working in urban and rural pri-
mary health care (PHC) centers in Tehran, Iran. The
reason for this choice of study subjects was mainly re-
lated to our first pilot study that showed knowledge
and awareness about radon was scarce in our general
population.
In the current study, similar to the approach of
Poortinga et al. from the UK [11] and Rahman et al.
from Pakistan [14], only people who had heard about
radon were asked to answer awareness and perceived
risk questions, respectively. The justification is that as
long as a person has not heard about a risk factor, ask-
ing about the awareness and perceived risk might not
produce valid results.
Being asked to rank seven environmental risk factors,
our responders were most concerned about air pollution.
This was not far from expectation; as Iranians especially
those residing in Tehran consider air pollution as one of
the top priorities among environmental health problems.
This project was conducted in Tehran, the capital city of
Iran where people are exposed to air pollutants above
the permissible levels in several days throughout the
year. Thus, the issue is generally among the top health
concerns of the society, especially in cold months
(months that this study was conducted) [32,33]. More-
over, It has been demonstrated that when a hazard is
more presented and discussed through media, it will be)
Disagree to
some extent (%)




3 27.9 43 24.1
4.6 28.5 44.2 18.4
4.6 37.4 40.6 14.1
6.6 32.6 36.8 20.4
6 30.5 37.5 21.5
1.3 22.4 36 38
20.5 23.5 6.5 2.5
6.6 36 30 20.4
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comparison with the setting that the same risk factor is
a neglected and marginal issue [34]. In our study, one of
the other most feared hazards was earthquake. As dem-
onstrated in previous reports [34], people are more
afraid of catastrophic events such as earthquake -that
kill many in a few seconds- than chronic incidents such
as cancers. In addition, Tehran is located in a seismic
zone and unfortunately, several earthquakes have been
recorded for this Metropolitan city [35].
In individuals who had heard about radon before the
study, concern about radon obtained the sixth rank with
only 3% difference with food poisoning (as the 7th). This
is while, according to the latest global burden of disease
report, attributable years of life lost (YLL) and Disability
Adjusted Life Years (DALY) of exposure to residential
radon are higher than those of exposure to ozone,
household air pollution or unimproved water [9]. These
findings show that our study population does not con-
sider indoor radon exposure to be among their first pri-
orities in the context of environmental hazards.
More than half of subjects had heard about radon and
of them, 88.5% recognized it as a radioactive gas. In a
study from Pakistan, 20.2% of general population knew
radon and 17.4% considered it as a health threat [13].
Another study from Pakistan showed that none of un-
educated individuals were familiar with radon and this
was about 30% in educated people [14]. This is while, in
studies from the UK and the US, the knowledge levels
were much higher (72 & 96%, respectively) [10,11]. In
addition, while one third of our responders declared that
radon may cause lung cancer, more than 50% of rural
residents in US were aware about this important out-
come [10,23]. Moreover this finding was similar to the
report by Rafique et al. from Pakistan [13].
These comparisons suggest that in developing coun-
tries, not only the general populations are not familiar
with the risks of exposure to indoor radon, but also
awareness of health personnel is scant and remarkably
lower than those in developed countries.
In this project like two other reports by Wang and
Brown [15,36], individuals who were more educated, had
more awareness about radon. Knowledgeable awareness
didn’t follow such a trend and was highest in bachelors
than medical doctors. This may be due to the fact that
some of our responders with BS/BA degrees in health
sciences had their bachelors in environmental and occu-
pational health. Moreover, environmental health issues
might be more emphasized in curricula of allied heath
majors than in medicine.
It seems that indoor radon is not recognized as an en-
vironmental risk among the public, health care providers
and researchers in Iran. Nearly a half of heath care
workers familiaret with radon were concerned about it.In addition, when we asked them about their willingness
to pay for testing their houses, nearly half of them em-
phasized that they would use radon test kits only if they
would be provided free of charges. These results are in
line with some previous reports [10-12,15] showing that
high awareness of health risks doesn’t essentially result
in high concern in population.
Among our participants, more than two thirds had
high perceived risk. In the study by Duckworth and col-
leagues, conducted on a sample of general population in
the US, this was about 55% [10]. More responders with
high perceived risk in our study in comparison with
Duckworth's research might be due to the difference of
responders regarding education and work field.
When we asked responders about the source of radon
information, only a small number of aware participants
had received this information through the radio/TV
whereas 85% of American general population said that
they got informed through the news [15]. Media can
have an important role to transfer health related infor-
mation to the public [37]. Scientific programs in media
have significantly increased in recent years in Iran [38]
but; unfortunately some issues like radon are still
neglected [39].
As radon test kits are not still readily available to the
public in Iran, willingness to test was assessed only by
asking one question. Among participants, the higher the
perceived risks, the higher the willingness to test their
houses for indoor radon. There is a significant associ-
ation between each dimension of risk perception (per-
ceived likelihood, perceived susceptibility and perceived
severity) and taking health behaviors [20]. Thus, when
general awareness and risk perception is low, people
might not be interested to take part in such surveys.
Thus, if public health sector intends to run nationwide
surveys of indoor radon assessment, campaigns for im-
proving relevant knowledge and perceived risk is a pre-
requisite. We can expect that if people are more in-
formed about potential risks of exposure to indoor
radon, they would be more willing to test their houses
for radon level.
Most of the responders who were willing to test their
houses for radon, preferred long term test kits (3–6
month), if provided. These detectors which are the most
accurate among options for radon detection [4] are used
in some developed countries such as Canada for national
surveys [40,41]. On the other hand, they need to be kept
in place for a considerably long period of time [4]. Since
our study participants showed interest in long term radon
test kits which have been used in national surveys in de-
veloped countries, it is expected that these types of kits
can be employed successfully in future surveys in Iran.
Most of our aware respondents were willing to test
their houses, only if the kits were offered free of charge.
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ship with knowledgeable awareness and perceived risk.
A survey in Britain demonstrated that most of re-
sponders who had high perceived risks of climate change
were willing to pay more money to use renewable energy
sources in order to avoid subsequent disadvantages [42].
Another survey among UK and US residents demon-
strated that risk perception of genetically modified foods
has a positive association with willing to pay more
money to use natural foods without genetic modification
[43]. It seems that people are willing to pay for a service
or product, if they have positive previous experience
about its benefits and/or know non-use of it might be a
risk for health [44,45]. Women were more likely to say
that they are willing to pay for kits. This result is consist-
ent with another study that women were more inter-
ested to spend money for radon mitigation in their
houses [46]. This might show that there is a higher ten-
dency in women to invest for healthy conditions [47],
even when they are contributors to the family income
(e.g. health care providers).
In our setting, people living in rented houses had more
knowledgeable awareness than those who had private
ones. This is a finding that cannot be easily explained, as
others eg Larsson et al. observed that house owners
were more aware than other groups [31]. One of the rea-
sons for our finding might be the complexity of associ-
ation between socio-economic status and education in
Iran [48].
One of the strong points of the current research is that
as the first study on this environmental risk factor in
Iran, various aspects of perceived risk were assessed ac-
cording to Health Belief Model (HBM). In this study we
couldn’t assess general public risk perception of radon
because of the low knowledge and awareness observed
in our first pilot study. Community education about
such silent killers is necessary to avoid excess attributed
mortality.Conclusion
Radon as the second most important risk factor of lung
cancer was a neglected issue even among health care pro-
viders. They did not consider indoor radon exposure to be
among their first priorities in the context of environmental
hazards. Moreover, one third of them declared that radon
may cause lung cancer. Nearly half of heath care providers
familiar with radon were concerned about it. In addition,
when we asked them about their willingness to pay for
testing their houses for radon, nearly half of them empha-
sized that they would use radon test kits only if they would
be provided free of charges. Willingness to pay showed a
significant relationship with knowledgeable awareness and
perceived risk.Having knowledge about health hazards like radon
and perceiving them as a risk has a positive relationship
with taking health related behaviors. Furthermore, risk
perception contributes to spending more money when
health is a concern.
Competing interests
The authors declare that they have no competing interests.
Authors’ contribution
MK and NH developed the proposal. NH gathered data. MK and NH analyzed
data. All authors participated in interpretation of results and development of
the manuscript. All authors read and approved the final manuscript.
Acknowledgement
The authors wish to thank Tehran University of Medical Sciences and the
Institute for Environmental Research (IER, grant number #18816) for their
financial support to conduct this study. We would also like to thank Mr. Ali
Goorani, expert in environmental health, ministry of health and medical
education of Iran (MOHME); Dr. Shirin Lesan, Ph.D in Health Education,
Department of Community Medicine, Tehran University of Medical Sciences,
and Dr. Mahnaz Solhi, Ph.D in Health Education, Department of Health
Education and Promotion, School of Health, Tehran University of Medical
Sciences, for their valuable comments regarding this research.
Author details
1Center for Air Pollution Research (CAPR), Institute for Environmental
Research (IER), Tehran University of Medical Sciences, Tehran, Iran.
2Department of Community Medicine, School of Medicine, Tehran University
of Medical Sciences, Tehran, Iran. 3Department of Environmental Health
Engineering, School of Public Health, Tehran University of Medical Sciences,
Tehran, Iran. 4Department of Epidemiology and Biostatistics, School of public
health, knowledge utilization research center, Tehran University of Medical
Science, Tehran, Iran.
Received: 24 January 2014 Accepted: 11 August 2014
Published: 23 August 2014
References
1. Brand KP, Zielinski JM, Krewski D: Residential radon in Canada: an
uncertainty analysis of population and individual lung cancer risk.
Risk Anal 2005, 25(2):253–269.
2. Catelinois O, Rogel A, Laurier D, Billon S, Hemon D, Verger P, Tirmarche M:
Lung cancer attributable to indoor radon exposure in france: impact of
the risk models and uncertainty analysis. Environ Health Perspect 2006,
114(9):1361–1366.
3. Menzler S, Piller G, Gruson M, Rosario AS, Wichmann HE, Kreienbrock L:
Population attributable fraction for lung cancer due to residential radon
in Switzerland and Germany. Health Phys 2008, 95(2):179–189.
4. Zeeb H, Shannoun F: WHO handbook in indoor radon: a public health
perspective. Geneva, Switzerland: World Health Organization (WHO); 2009.
5. Darby S, Hill D, Auvinen A, Barros-Dios JM, Baysson H, Bochicchio F, Deo H,
Falk R, Forastiere F, Hakama M: Radon in homes and risk of lung cancer:
collaborative analysis of individual data from 13 European case–control
studies. BMJ 2005, 330(7485):223.
6. Environmental Protection Agency (EPA): EPA Assessment of Risks from Radon
in Homes. Washington, DC: Office of Radiation and Indoor Air United States
Environmental Protection Agency; 2003. 20460.
7. Zhang ZL, Sun J, Dong JY, Tian HL, Xue L, Qin LQ, Tong J: Residential
radon and lung cancer risk: an updated meta-analysis of case–control
studies. Asian Pac J Cancer Prev 2012, 13(6):2459–2465.
8. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, Amann M,
Anderson HR, Andrews KG, Aryee M: A comparative risk assessment of
burden of disease and injury attributable to 67 risk factors and risk
factor clusters in 21 regions, 1990–2010: a systematic analysis for the
Global Burden of Disease Study 2010. Lancet 2013, 380(9859):2224–2260.
9. Institute for Health Metrics and Evaluation (IHME): GBD Heatmap. Global
Burden of Disease Study 2010. Global Burden of Disease Study 2010 (GBD
2010) Results by Risk Factor 1990–2010. ; 2012. http://ihmeuw.org/5p.
Hazar et al. Journal of Environmental Health Science & Engineering 2014, 12:118 Page 8 of 8
http://www.ijehse.com/content/12/1/11810. Duckworth LT, Frank-Stromborg M, Oleckno WA, Duffy P, Burns K:
Relationship of perception of radon as a health risk and willingness to
engage in radon testing and mitigation. Oncol Nurs Forum 2002,
29(7):1099–1107.
11. Poortinga W, Bronstering K, Lannon S: Awareness and perceptions of the
risks of exposure to indoor radon: a population-based approach to
evaluate a radon awareness and testing campaign in England and
Wales. Risk Anal 2011, 31(11):1800–1812.
12. Poortinga W, Cox P, Pidgeon NF: The perceived health risks of indoor
radon gas and overhead powerlines: a comparative multilevel approach.
Risk Anal 2008, 28(1):235–248.
13. Rafique M, Jabeen S, Shahzad MI: General public's and physicians'
perception of health risk associated with radon exposure in the state of
Azad Jammu and Kashmir. Public Health Nurs 2008, 25(4):327–335.
14. Rahman S, Faheem M, Rehman S, Matiullah S: Radon awareness survey in
Pakistan. Radiat Prot Dosimetry 2006, 121(3):333–6.
15. Wang Y, Ju C, Stark AD, Teresi N: Radon awareness, testing, and
remediation survey among New York State residents. Health Phys 2000,
78(6):641–647.
16. Eheman CR, Ford E, Staehling N, Garbe P: Knowledge about indoor radon
in the United States: 1990 national health interview survey. Arch Environ
Health: An Int J 1996, 51(3):245–247.
17. Halpern MT, Warner KE: Radon Risk Perception and Testing:
Sociodemographic Correlates. J Environ Health 1994, 56(7):31–35.
18. Botterill L, Mazur N: Risk and risk perception: a literature review. Australian
Government: Rural Industries Research and Development Corporation; 2004.
19. Sjøberg L, Moen BE, Rundmo T: Explaining risk perception. An evaluation of the
psycho-metric paradigm in risk perception research. Rotunde publications; 2004.
http://www.svt.ntnu.no/psy/Torbjorn.Rundmo/Psychometric_paradigm.pdf
20. Brewer NT, Chapman GB, Gibbons FX, Gerrard M, McCaul KD, Weinstein ND:
Meta-analysis of the relationship between risk perception and health
behavior: the example of vaccination. Health Psychol 2007, 26(2):136–145.
21. Reynolds KD, Spruijt-Metz D, Unge J: Health Behavior Research and
Intervention. In Maxcy-Rosenau-Last Public Health and Preventive Medicine:
Fifteenth Edition (Public Health and Preventive Medicine (Maxcy-Rosenau)).
15th edition. Edited by Wallace RB. New york: The McGraw-Hill Companies;
2008:941–951.
22. Hill WG, Butterfield P, Larsson LS: Rural parents' perceptions of risks
associated with their children's exposure to radon. Public Health Nurs
2006, 23(5):392–399.
23. Gregory B, Jalbert PP: National Radon Results: 1985 to 2003. last updated:
October 2004. http://www.epa.gov/radon/pdfs/natl_radon_results_update.pdf.
24. Bouzarjomehri F, Ehrampoosh MH: Radon level in dwellings basement of
Yazd-Iran. Iran J Radiat Res 2008, 6(3):141–144.
25. Hadad K, Doulatdar R, Mehdizadeh S: Indoor radon monitoring in
Northern Iran using passive and active measurements. J Environ Radioact
2007, 95:39–52.
26. Hadad K, Hakimdavoud MR, Hashemi-Tilehnoee M: Indoor radon survey in
Shiraz-Iran using developed passive measurement method. Iran J Radiat
Res 2011, 9(3):175–182.
27. Mowlavi AA, Fornasier MR, Binesh AR, Denaro MD: Indoor radon
measurement and effective dose assessment of 150 apartments in
Mashhad, Iran. Environ Monit Assess 2012, 184:1085–1088.
28. Sohrabi M, Solaymanian AR: Indoor radon level measurements in some
regions of Iran. Int J Radiat Appl Instrum Part D Nuclear Tracks and Radiat
Meas 1988, 15(1–4):613–616 [abstract].
29. World Health Organization: Health System Profile: Islamic Republic of Iran.
In Regional Health Systems Observatory, WHO Eastern Mediterranean Regional
Office. Cairo: WHO; 2006.
30. Shadpour K: Primary health care networks in the Islamic Republic of Iran.
East Mediterr Health J 2000, 6:822–825.
31. Larsson LS, Hill WG, Odom-Maryon T, Yu P: Householder status and
residence type as correlates of radon awareness and testing behaviors.
Public Health Nurs 2009, 26(5):387–395.
32. Naddafi K, Hassanvand MS, Yunesian M, Momeniha F, Nabizadeh R, Faridi S,
Gholampour A: Health impact assessment of air pollution in megacity of
Tehran, Iran. Iran J Environ Health Sci Eng 2012, 9(1):1–7.
33. Torkian A, Bayat R, Najafi MA, Arhami M, Askariyeh MH: Source
Apportionment of Tehran’s Air Pollution by Emissions Inventory. In 2012
International Emission Inventory Conference “Emission Inventories - Meeting the
Challenges Posed by Emerging Global, National, Regional and Local Air QualityIssues” : August 2012. Tampa, Florida: U.S. Environmental Protection Agency;
2012:13–16.
34. Ropeik DP: Risk Communication-An Overlooked Tool for Improving Public
Health. In Maxcy-Rosenau-Last Public Health and Preventive Medicine:
Fifteenth Edition (Public Health and Preventive Medicine (Maxcy-Rosenau)).
15th edition. Edited by Wallace RB. New york: The McGraw-Hill Companies;
2008:1029–1033.
35. Arian M, Bagha N: Active Tectonics of Tehran Area, Iran. J Basic and
Applied Sci Res 2012, 2(4):3805–3819.
36. Brown E, Kelley C: Radon Awareness and Household Testing: Results from
the Behavioral Risk Factor Surveillance System. Colo Depa of Public Health
and Environ 2011. http://www.chd.dphe.state.co.us/Resources/brfss/
Radon2_Final_Report.pdf.
37. McNab C: What social media offers to health professionals and citizens.
Bull World Health Organ 2009, 87(8):566.
38. Asadi-Lari M, Sayyari A, Akbari M, Gray D: Public health improvement in
Iran-lessons from the last 20 years. Public Health 2004, 118(6):395–402.
39. Ashoorkhani M, Gholami J, Majdzadeh R: Do we transfer health research
results to people? Int J Prev med 2011, 2(2):103.
40. Minister of health: Cross-Canada Survey of Radon Concentrations in Homes
Year 1 Interim Report. 2010. http://www.chba.ca/uploads/PolicyArchive/2010/
HealthCanadaRadonSurvey15Dec2010.pdf.
41. Minister of Health: Cross Canada survey of radon concentrations in homes
final report. 2010. http://www.radonleaders.org/sites/default/files/Cross-
Canada-Survey-of-Radon-Concentrations-in-Homes_FINAL.pdf.
42. Spence A, Venables D, Pidgeon N, Poortinga W, Demski C: Public
Perceptions of Climate Change and Energy Futures in Britain: Summary
Findings of a Survey Conducted in January-March 2010. In Technical
Report (Understanding Risk Working Paper 10–01). Cardiff: School of
Psychology; 2010.
43. Moon W, Balasubramanian SK: Public perceptions and willingness-to-pay
a premium for non-GM foods in the US and UK. AgBioforum 2001,
4(3&4):221–231.
44. Fu T-T, Lin Y-M, Huang CL: Willingness to pay for obesity prevention.
Econ & Human Biology 2011, 9(3):316–324.
45. Milligan MA, Bohara AK, Pagán JA: Assessing willingness to pay for cancer
prevention. Int J Health Care Finance Econ 2010, 10(4):301–314.
46. Nielsen JB, Gyrd-Hansen D, Kristiansen IS, NexØE J: Willingness to pay for
decreased indoor radon exposure: an analysis of framing and the
decision process. Risk, Decis Policy 2003, 8(1):51–58.
47. Laroche M, Bergeron J, Barbaro-Forleo G: Targeting consumers who are
willing to pay more for environmentally friendly products. J Consum
Market 2001, 18(6):503–520.
48. Haghdoost AA: Complexity of the Socioeconomic Status and its Disparity
as a Determinant of Health. Int J Prev Med 2012, 3(2):75.
doi:10.1186/s40201-014-0118-2
Cite this article as: Hazar et al.: Perceived risk of exposure to indoor
residential radon and its relationship to willingness to test among
health care providers in Tehran. Journal of Environmental Health Science &
Engineering 2014 12:118.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
